INTRODUCTION
This paper describes a simple model of a beam charging experiment. The motivation for the model is the need to understand low voltage breakdown such as that which occurs in dielectric material exposed to the radiation environment of space [1] . Our approach to the problem is motivated by the work of O'Dwyer [2] on high voltage breakdown.
In the model a pair of infinite grounded electrons are separated by an infinite dielectric, and a spacially infinite electron beam is incident on the arrangement normally, through one of the plates. The beam causes ionization at rate, I, and deposits electrons at rate S. The fact that these rates are constant forces the solution to have symmetry about the centerplane between the plates.
We take current to be positive when it is directed toward the right. Consequently, an electron beam travelling to the right represents negative current which we denote by J B . Since the beam is losing electrons at the rate S (electrons cm-3 s-1 ), the magnitude of J B is decreasing but dJB/dx = eS > O. Because of the build up of negative charge, the electric field (E) vanishes at the midplane, and is directed away from the midplane elsewhere. The electrons and holes produced by the beam drift under the influence of the electric field. We denote the resulting conduction current by J c ' The total current is the sum of the beam current and the conduction current. In steady state, conservation of charge requires
For this geometry. this solution depends only on sample thickness and electron deposition rate. The conduction current is the sum of the electron and hole currents which are defined in the usual manner: jn = -nev n = ne~ E and jp = pevp = pe~pE. Because of the symmetry of tge problem. we will consider only the left half of the dielectric. With the use of Equation (1) and the definition of jp' the hole density can be expressed in terms of the other variables
The equation
is (3) The first term is collision ionization. the second is beam ionization and charge deposition and the third is recombination.
The only other equation needed is that for the electric field:
The symmetry force E(x) = j (x) = j (x) = 0 at x = L/2 which are the boundary cond~tions. p Using Equations (2) and (3). we obtain the following equation governing the behavior of the electron current:
3) can be used to eliminate p in (4):
The form of the collision ionization term used by O'Dwyer [2] is where S has the units of inverse time. A more realistic versionois (Beers et al. [3] )
where a has the units of inverse length. The conclusions ogtained from this analysis are not substantially affected by the choice of collision ionization term, but we will present results from both cases.
Equations (5) and (6) o is the ratio lis, a = eSL2/(4€~ E~) is the dimensionless electron deposition rate, an~ b = kE/(e~n) is the dimensionless recombination rate. Equation (6) for E becomes dn a
where 8 is the ratio ~p/~n which is usually much less than unity. The boundary conditions are s(O) = nCO) = o.
PROPERTIES OF THE SOLUTIONS
Note that (u -s)/n is the dimensionless hole density while sin is the dimensionless electron density.
The requirement that these two densities be non-negative places a constraint on S: 0 < S < u, for 0 < u < 1.
Any solution which falls outside this range is not physically meaningful. If there is no collision ionization (A = 0), then the two equations (9) and (10) Substituting the zero order solutions (11) and O'Dwyer's form for A(n) into the integral results in (13) where En(x) is related to the exponential integral [4] . The Beers et al. form for the collision integral yields 2 1 ~(u):::: cu + A 2 c u E3 <g) (14) These solutions are valid for thin samples for which the second term is small. The behavior of these solutions is illustrated in the Figure. Normalized hole current as determined by the approximate solutions (13) and (14). u is the dimensionless distance from the center of the slab. g is proportional to the square root of the incident beam current. Dashed curves are non-physical solutions because they require negative hole densities.
When ~(u) becomes greater than u for any value of u, the solution is physically meaningless because this implies negative hole densities. Thus the steady state model described by Equations (5) and (6) no longer provides an adequate description of the beam-dielectric interaction. We interpret this to mean that the dielectric is no longer able to sustain the electron deposition rate and undergoes a catastrophic discharge, i.e., breakdown. Since g is proportional to the square root of S, these solutions imply that breakdown occurs whenever S is large enough.
DISCUSSION
We have presented a simple model of electron caused dielectric breakdown in which the effects of collision ionization, recombination, and finite hole mobility have been included. For large enough beam currents, the model has no physically meaningful steady state solutions which we interpret as breakdown. Although the model does not include the effects of spatially inhomogeneous beam properties or of charge carrier diffusion, we believe it is an important first step toward understanding electron beam initiated dielectric breakdown.
